BACKGROUND: It is widely hypothesized that improvement in transitions of care will reduce unplanned hospital readmissions. However, the association between the Care Transitions Measure, the national quality metric for transitions of care and readmission risk, has not been established. OBJECTIVE: We aimed to determine the association between the Care Transition Measure and readmission. DESIGN: This was a single-center, prospective cohort study. PARTICIPANTS: Convenience sample of 2,963 patients enrolled in the BBridging the Divides^program, a longitudinal care management program for patients with coronary revascularization, from 2013 to 2014. Of these, 1594 (54 %) patients completed a post-discharge Care Transition Measure questionnaire. INTERVENTION: Care Transition Measure scores were collected by trained research staff blinded to study hypothesis, by telephone, within 30 days of discharge. Higher Care Transition Measure scores reflect a higher quality transition of care. MAIN MEASURES: 30-day readmission was measured. KEY RESULTS: Of the1594 patients that completed the Care Transition Measure survey, 1216 (76 %) received percutaneous coronary intervention and 378 (24 %) received coronary artery bypass grafting. Mean Care Transition Measure scores were significantly lower among patients who had a prior admission (77.2 vs. 82.1, p < 0.001) and those with ≥ 5 comorbidities (77 vs. 82.6 vs. 81.6, p < 0.001). Mean scores were significantly lower among patients who were readmitted within the percutaneous coronary intervention subgroup (73 vs. 80.9, p < 0.001) and the total study population (74.6 vs. 81.1, p < 0.001) compared to those who were not readmitted. This was not the case in the coronary artery bypass grafting subgroup (78.5 vs. 81.7, p = 0.29). After multivariable adjustment, every ten-point increase in the Care Transition Measure score was associated with a 14 % reduction in readmission risk (adjusted odds ratio 0.86, 95 % CI 0.78-0.95). CONCLUSIONS: The Care Transition Measure is strongly associated with readmissions, which strengthens its validity. However, its association with patient variables linked with readmission and its inconsistent association with readmission across clinical groups raises concerns that scores may be influenced by patient characteristics.
BACKGROUND
The transition from hospital to home is a vulnerable time for patients and their families. Poor care coordination during this time increases the risk for potentially avoidable hospital readmissions. 1 Such readmissions place a tremendous burden on patients and families and cost the US health system approximately $12 billion annually. 2 Unlike other risk factors for readmission, such as race, sex and age and prior hospitalization, 3 poor transitions of care can be remediated with improved care management. 4, 5 As a result, they have become a target for intervention and improvement. On a national level, over $300 million has been invested in transitions of care programs by the Centers for Medicare and Medicaid with the explicit goal of reducing readmissions. 6 In addition, sizable investments in transitions of care interventions have been made by public and private grant-making organizations and hospital systems. 4, [7] [8] [9] [10] [11] The introduction of performance-based hospital reimbursement adds financial incentives to reduce readmissions and improve transitions of care. Under the Hospital Readmissions Reduction Program, Medicare incurs financial penalties on hospitals with higher than expected rates of readmissions. Although the program only applies to patients with a primary diagnosis of congestive heart failure, acute myocardial infarction, or pneumonia, the Medicare Payment Advisory Commission has recommended inclusion of patients with chronic obstructive pulmonary disease, coronary artery bypass grafting (CABG), and percutaneous coronary intervention (PCI) in 2015. 12 As hospitals are held financially accountable for a greater proportion of readmissions, investments in programs to reduce readmissions, such as transition of care programs, hold greater potential value.
Additionally, Medicare will now reimburse hospitals differentially based on patient perception of the quality of transitions The addition of the CTM-3 to HCAHPS has raised questions about the validity of the metric itself and its role in the evaluation of transitions of care. The CTM-3 is a threequestion instrument that evaluates three key domains related to transitions of care: whether patient and family's preferences were accounted for in the care plan, whether patients understood their role in self-management after discharge, and whether appropriate medication education was provided. Higher scores on the CTM-3 reflect higher quality transitions of care. 13 Although low CTM-3 scores have been associated with emergency room revisits, 14 they have not been associated with inpatient readmissions that are subjected to Hospital Readmissions Reduction Program penalties. Additionally, in a previous validation study, the study population was less than 300 patients and almost entirely Caucasian. 14 Given the large investments that have been made by CMS and hospital systems on transitions of care programs with the hope that they will reduce readmissions, it is important to know whether the CTM-3, the national quality metric for transitions of care, is associated with readmissions. Additionally, given its recent incorporation into the HCAHPS survey, it is important to understand how the metric performs in a larger, more representative patient population and how that may impact hospital reimbursements. Therefore, the primary objective of this analysis is to determine the association between the CTM-3 and readmissions, and to validate the CTM-3 within a larger and more diverse patient population.
METHODS
Design. Data were collected as part of a quality improvement program for patients who received coronary revascularization at the Christiana Care Health System, the largest regional academic health system in Delaware. The program was called BBridging the Divides^(BBridges^) and was sponsored by the Center for Medicare and Medicaid Innovation. The program was approved by the Christiana Care Institutional Review Board. Because the Bridges program was a quality improvement initiative, patients were not required to provide informed consent. However, approval to publish results of the study was obtained.
Participants. All patients undergoing coronary revascularization with PCI or CABG at the Christiana Care Health System between April 2013 and November 2014 (n = 2,963) were enrolled in the Bridges program. Of these, 1668 completed the CTM-3 survey. A small percentage, 4.4 % (74/1,668), had evidence of significant coronary artery disease on cardiac catheterization but did not undergo revascularization. These patients were excluded from the analysis because their readmission risk was potentially altered because intervention was withheld. This left 1,594 patients for analysis.
All patients underwent a readmission risk assessment at enrollment, specific to the Bridges program, which was based on clinical, demographic, and prior health care utilization characteristics. Patients with high readmission risk scores received medication education from a clinical pharmacist and their bedside nurse, and biweekly phone calls during the first 2 weeks post-discharge, followed by regularly scheduled calls from a care management nurse for a total of 1 year. Patients with mid-range to low readmission risk scores received at least two post-discharge phone calls over the first month and regular follow-up calls from a social worker or health coach for a total of 1 year. The CTM-3 survey was administered to all patients as part of their telephone assessment within the first 30 days of discharge (median 2 days, inter-quartile range 1-4). Over the course of the program, if no response was obtained after three consecutive phone calls, patients were discontinued from the Bridges Program.
Main Measures. The primary predictor variable was the CTM-3 score, obtained from the Bridges study database. The primary outcome was all-cause, 30-day non-elective readmission abstracted from the electronic medical record. Demographic data such as race, sex, discharge location (home, home with health care services/ facility), primary insurance (Medicare, Medicaid, private, self-pay/other), age, hospitalization in the 6 months prior to admission (yes/no), and comorbidity count also were abstracted from the electronic medical record. Patients who had Medicare and Medicaid were categorized as Medicare patients in our analysis. Comorbidity counts were calculated by summing the 29 Elixhauser diagnosis-related group categories pertinent to each patient. 15 Analyses. We utilized the Chi-square test to examine differences between the PCI and CABG populations and patients that did and did not complete the CTM-3 survey. CTM-3 was scored and converted to a 100-point scale as recommended by • When I left the hospital I had a good understanding of the things I was responsible for in managing my health.
• When I left the hospital I clearly understood the purpose for taking each of my medications.
the National Quality Forum, 16 and analyzed as a continuous variable. ANOVA analysis was used to determine the relationship between mean CTM-3 scores and variables associated with readmissions in prior studies, including race, gender, age, comorbidity count, prior hospital utilization, 3 insurance status and discharge location. Three separate analyses were performed for those with PCI, CABG, and the combined population of PCI & CABG. A multivariable model was developed that adjusted for sociodemographic and clinical characteristics including procedure (CABG or PCI).
To determine whether CTM-3 score independently predicted 30-day non-elective readmission, given the exploratory nature of the study, we included all variables that had been used in the bivariate ANOVA analyses in the multivariate model. Log pseudo-likelihood ratios of multivariate models with and without CTM-3 were compared to determine the statistical significance of observed differences and whether addition of the CTM-3 measure improved the model's predictive capacity.
RESULTS
Patient Characteristics (Table 1) Of 2963 total patients, 1668 (56 %) completed CTM-3 surveys, and 1594 (54 %) received coronary revascularization and were included in the analysis. Of patients with PCI, 1216/ 2292 (53 %) completed CTM-3 surveys, while 378/671 (56 %) of patients with CABG completed the survey. Patients who did not complete the CTM-3 survey were more likely to have Medicare as the primary form of insurance (57.0 % vs. 51.3 %, p = 0.019), five or more comorbidities (41.9 % vs. 30.4 %, p < 0.001) and a previous admission (41.9 % vs. 29.8 %, p < 0.001) than those who completed the survey. The risk for 30-day all-cause readmission was 6.6 % for those who completed the CTM-3 versus 11.2 % among those who did not (p < 0.001).
Among the 1594 patients who completed the CTM-3, 197 (12.4 %) were African American, 1,117 (70.1 %) were male, 1434 (89.9 %) were over the age of 50, 484 (30.4 %) had five or more comorbidities, 136 (8.5 %) had Medicaid, and 816 (51.3 %) had Medicare as their primary form of insurance. CABG patients were more likely than PCI patients to have five or more comorbidities (44.2 % vs. 26.2 %, p < 0.001), and were more likely to be discharged with home health care or to a facility (90.0 % vs. 12.4 %, p < 0.001), to have been hospitalized in the previous 6 months (47.1 % vs. 24.4 % p < 0.001), and be male (77 % vs. 68 %, p < 0.001), but did not differ statistically in other socioeconomic or demographic variables or readmission risk (8.2 % vs. 6.2 %, p = 0.166).
Patient Variables Associated with CTM-3 Scores: (Table 2 ) Table 2 shows variables associated with CTM-3 scores in the PCI, CABG and combined populations. Within all groups, patients with five or greater comorbidities reported lower mean CTM-3 scores than those with fewer than five comorbidities. Within the PCI population, patients with a prior admission reported a 6.3-point lower mean CTM-3 score compared to those without a prior hospitalization; within the combined population, patients with prior hospitalization reported a 4.8-point lower mean CTM − 3 score than those without a prior hospitalization (both p < 0.001).
CTM-3 and Readmission (Tables 2 and 3)
Within the PCI and the total population, lower mean CTM-3 scores were significantly associated with higher risk of readmission. There was no statistically significant association between mean CTM-3 scores and readmission within the CABG group (Table 2) . Within the total population of patients, after multivariable adjustment of patient's clinical and sociodemographic characteristics, we found that for every ten-point increase in CTM-3 score, patients had 14 % lower odds of readmission to the hospital (Table 3) . A ten-point increase in CTM-3 translates to a change in a response of one out of three CTM-3 questions to the next highest response category 16 ; for example, a change from a response of BAgree^for all three questions to a response of BStrongly Agree^for one question When the models with and without the CTM-3 measure were compared, the multivariate model that included the CTM-3 variable had a stronger predictive capacity for readmissions than did the model without CTM-3 (p = 0.005). However, addition of the CTM-3 did not change the directionality of the odds ratios or predictive significance of any other variables in the model.
DISCUSSION

CTM-
−
and Readmission
Our findings at a single, large academic medical center suggest that hospitals that can increase their CTM-3 scores may be able to reduce their readmission rates. Our data supports the validity of the CTM-3 metric and its potential utility as a target for transitions of care programs. However, our analysis raised questions regarding the durability of the association between CTM-3 and readmissions across a clinically diverse patient population. Although we found a significant relationship between the CTM-3 and readmission within the PCI and total populations, we did not find a statistically significant relationship in the more debilitated CABG population. This 18 and many readmissions are not easily attributable to a single cause. 1, 19 Therefore, even if the three domains of the CTM-3 were addressed equally for patients with PCI and CABG, their post transition experiences and ultimate reasons for readmission could vary greatly. Although our study generally supports the association between the CTM-3 score and readmission, it should be interpreted with caution, and the association should be validated on a large scale, at the hospital level in future studies.
Implications for CTM-3 in Quality Improvement and Hospital Reimbursements
We found that the CTM-3 was associated with non-modifiable patient characteristics previously associated with readmissions, particularly whether the patient had had a prior admission and whether they had a high number of comorbidities. This raises the question of whether, in addition to its association with known patient variables associated with readmission, the CTM-3 also accounts for unmeasured, fixed patient characteristics associated with readmission. It also questions whether the CTM-3 itself is fixed or whether it is modifiable.
To our knowledge, there is only one randomized controlled trial that examined the modifiability of CTM-3 scores; it demonstrated that CTM-3 scores could be significantly improved through an intensive care transitions program that provided primary care coordination, nursing and pharmacy counseling to a clinically diverse, low income population. However, the amount of improvement (i.e., change in mean CTM-3 scores) was not reported. 20 An additional study suggested that the CTM-3 was modifiable, but not consistently. 14 The association between the CTM-3 and fixed patient characteristics has potentially important implications for hospital reimbursement Under the Value Based Purchasing Program. Under the Value Based Purchasing program, Medicare adjusts payments to hospitals based in part on their performance on CTM-3 compared to all hospitals, or on their improvement in CTM-3 performance compared to a prior time period. 21 If sicker patients have lower CTM-3 scores, it is plausible that hospitals could be inadvertently be penalized for caring for sicker populations. Furthermore, the ability of an institution to improve their score will rely on whether the CTM-3 can be improved, which has not been confirmed.
Implications for Use of CTM-3 as a Readmission Risk Predictor
Another important implication of our findings concerns the potential utility of CTM-3 in future risk prediction calculations. CTM-3 scores were independently associated with readmission and our predictive model was improved by the addition of the CTM-3 score. Thus, future studies should evaluate the utility of the CTM-3 as a readmission risk predictor in the peri-or post-discharge setting. Readmission risk prediction models are not generally used in the outpatient setting.
22 However, with many hospital level and national initiatives focused on transitions of care, the development of a post-discharge risk assessment instrument for readmission may prove useful in the ongoing evaluation of patient readmission risk once they enter into the ambulatory setting. Such an assessment could trigger more intensive follow-up and care coordination after discharge, such as a nursing call or visiting nurse consultation.
Importantly, the utility of CTM-3 in risk prediction models may be limited by its potentially inconsistent association with readmission across patient populations, as mentioned above. Therefore, future studies should examine the association between CTM-3 and readmissions across a wide spectrum of patients and disease processes.
Limitations
This is a single center study, which is the primary limitation of our analysis. Our CTM-3 response rate was 54 %, and nonresponders were significantly different from our responders in several important respects. Therefore, our results are not generalizable. However, future analyses of the CTM-3 as part of the HCAHPS survey will encounter an even lower response rate of approximately 30 %. 23 Response bias is a common and important limitation of patient satisfaction surveys. Prior research has illustrated that patients who are more satisfied with their care are more likely to respond to patient satisfaction surveys. 24 This can lead to inflated satisfaction scores. 24 In the context of our study, this implies that the mean CTM-3 scores of our non-responders were potentially lower, on average, than those of our responders. We also found an association between non-response and hospitalization, consistent with to prior research. 25 In this context, it is plausible that our non-responders would have had lower CTM-3 scores and higher readmission risk. As a result, the association that we found between low CTM-3 scores and readmission risk among our responders could be an underestimate.
The majority of our sample was male, which does not reflect the true distribution of ischemic heart disease, but may reflect lower rates of invasive cardiovascular interventions on women. 26, 27 However, there were no statistically significant differences observed in CTM-3 scores or risk of readmission related to patient sex in our analysis. We did not account for readmissions to other hospital systems, which could skew the association of CTM-3 and readmission in either direction. However, Delaware residents accounted for 73 % of our study population, and Christiana Care Health System accounts for the care of 80-90 % of New Castle County, Delaware residents, so we likely captured the majority of readmissions and drew from a diverse and representative sample of patients. Future studies of national administrative data sets and HCAHPS records could address this limitation. Our analysis only looked at patients who underwent CABG and PCI. However, the clinical differences between the CABG and PCI populations offered two distinct patient samples in which to evaluate CTM-3 scores. It is important to note that our patient sample was enrolled in a care management program that sought to mitigate potential issues surrounding transitions of care, and responded to poor ratings on CTM-3 questions with care management interventions. Therefore, readmission risk among those with the lowest CTM-3 scores may have been lower than would have occurred without the intervention. If so, the observed relationship between CTM-3 and readmissions may again underestimate the relationship between CTM-3 and hospital readmission. Lastly, our analysis was observational, so causality cannot be inferred from our results.
CONCLUSIONS
To our knowledge, ours is the first large-scale analysis to reveal an association between CTM-3 and hospital readmissions. We found that a modest improvement in CTM-3 scores was independently associated with a large reduction in readmission risk. This validates the CTM-3 metric and supports its potential value in the assessment of post-discharge readmission risk. However, questions still remain regarding the durability of this association across patient populations and whether the CTM-3 score is modifiable. Given that CTM-3 is now a national quality metric, tied to hospital reimbursements, these remaining questions are particularly significant and lead us to question whether the CTM-3 was implemented prematurely, before it was completely understood. Large-scale studies could improve our understanding of the ultimate utility of the CTM-3 and could help to clarify our expectations of this quality metric by which all US hospital systems will ultimately be measured.
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